field activation. [11] [12] [13] [14] [15] [16] [17] While reasons for cancellation are numerous, a variety of patient-specific (eg, goals of care, medical comorbidities, contraindications to catheterization, etc) and system-specific factors (eg, ECG misinterpretation, ECG "STEMI-mimics," use of ECG computer algorithm versus EMS interpretation, difficulties in ECG transmission, etc) contribute to reasons for cancellation. [11] [12] [13] [14] [15] [16] [17] Incorrect activation of the CCL has a number of adverse consequences. First, unnecessary CCL activations can cause CCL staff fatigue and lead to "burn out" among physicians and the CCL staff members. There may be a loss of urgency among physicians and the CCL staff members, as they may begin to assume that STEMI protocol activation may well represent a "false alarm". Inappropriate CCL activations are costly, as staff are often paid overtime to take calls and respond to CCL activations, regardless of whether or not the patient undergoes emergent coronary angiography. 18 The 2013 STEMI guidelines indicate that consideration should be given to the development of local protocols that allow preregistration and direct transport to the CCL, bypassing the Emergency Department (ED) for patients who do not require emergency stabilization upon arrival. 9 Similarly, the European Society of Cardiology STEMI guidelines have recommended a strategy of ED bypass when an STEMI diagnosis is made by the EMS in the pre-hospital setting. 19 Use of Direct to CCL results in reductions in time to reperfusion similar to, if not greater than pre-hospital notification, despite long transport times. 20 If STEMI is strongly suspected, consideration of taking patients directly to the CCL [20] [21] [22] [23] [24] [25] [26] [27] without prior admission to the ED, when appropriate, can reduce the time the patient spends in the ED ("dwell time"), which is often the most variable time component, therefore potentially the most modifiable component of FMC2D time.
To successfully implement the strategy for shortening the FMC2D interval by taking the patient directly to the CCL, it is critical that the processes for field assessment accurately and reliably identify patients who are most likely having an STEMI and who are appropriate candidates for angiography. This process must be both sensitive and specific for detecting and triaging STEMI patients.
To support standardization and implementation of prehospital activation and Direct to CCL strategies, the Mission: Lifeline program established an implementation project team, which led to the development of the Mission: Lifeline Prehospital Activation of Hospital Resources (PreAct) STEMI algorithm ( Figure) . The PreAct STEMI algorithm outlines a process for patient triage in the field and routing upon hospital arrival. It incorporates best practices from STEMI systems of care from across the country. The PreAct STEMI algorithm is intended to: 
PreAct Algorithm
The PreAct STEMI algorithm is intended to be applied to patients with ischemic symptoms and/or EMS suspicion of acute coronary syndrome/STEMI. For these patients, EMS should obtain a "clean" PH-ECG (ie, interpretable and free of artifact) (marker 1) which reduces diagnostic errors by both clinicians and software tools. [28] [29] [30] Standard EMS processes should apply to patients where the clinical presentation and/ or ECG are not consistent with acute coronary syndrome/ STEMI (markers 13, 15) . The algorithm branches depending on transmission capabilities (marker 2) and whether the ECG is consistent with STEMI. If transmission is not available and the ECG is consistent with STEMI (by EMS or machine interpretation, marker 3) or if transmission is available and the ECG is consistent with STEMI For all approaches, once indications for CCL has been determined, CCL readiness is assessed (marker 11). If the CCL is adequately staffed, the patient should be transported directly to the CCL (on the ambulance stretcher and by EMS when possible). If the CCL is not adequately staffed, the patient should wait in a designated area with appropriate monitoring and supervision (usually the ED), until the CCL is ready to receive the patient (marker 12).
In systems where 12 lead ECG transmission is not utilized or when transmission is not possible, the paramedic applies the following criteria (marker 3): (1) an isoelectric baseline reasonably free of artifact and (2) at least 1 mm of ST elevation in ≥2 contiguous leads with a paramedic or machine interpretation of STEMI. If met, the receiving ED is notified as soon as possible (marker 5). The paramedic and emergency physician discuss the patient (marker 6), including Direct to CCL criteria (marker 7), with further care as outlined in the algorithm.
Direct to CCL Criteria
Despite pre-hospital notification of STEMI patient, ED length of stay is frequently prolonged. 22 The purpose of the PreAct criteria (marker 7) is to identify a subset of patients who clearly have an STEMI for whom direct transfer to the CCL is appropriate, as this substantially reduces reperfusion times. [20] [21] [22] [23] [24] [25] [26] [27] We use the phrase "Direct to CCL" rather than "ED Bypass" for the following reasons. First, Direct to CCL more accurately describes the intent of the efforts. Most hospital ambulance entrances flow into the ED making the path to the CCL through the ED area unavoidable. Second, in most hospitals, the process of accomplishing Direct to CCL requires participation by ED staff to coordinate CCL team communications and patient registration. At times this may require a brief "pause" or "pit stop" in the ED. Finally, Direct to CCL best describes the receiving hospitals intent with regard to its Emergency Medical Treatment and Labor Act 31 obligations to provide an appropriate Medical Screening Exam, since some patients who are transported directly to the CCL may be ultimately determined to have non-cardiac conditions requiring other specialists.
Despite significantly reducing time to reperfusion, the Direct to CCL concept remains controversial. Concerns include CCL activations without a true STEMI, the difficulty in reaching consensus on Direct to CCL criteria for a standardized EMS protocol, and safety of transporting a patient to the CCL without adequate staff being present. Specific criteria were developed (marker 7) for standardized decision making for EMS and emergency physicians on appropriateness for going directly to the CCL.
However, for Direct to CCL to be successful, appropriate planning is critical. [22] [23] [24] [25] [26] [27] [28] Centers that have successfully implemented Direct to CCL have included additional designated in-hospital CCL activation team members who are notified by the STEMI group page to assist with patient transfer to the CCL and subsequent monitoring until the CCL team arrives. [22] [23] [24] [25] [26] [27] [28] Team members can vary depending on the hospital, and have included intensive care unit and/or ED nursing, in-house CICU residents, and/or dedicated transportation staff. In some centers, the team can place the patient on the procedure table, connect monitoring equipment, and confirm that all appropriate equipment is available. The success of this process is dependent on the CCL staff arriving within the recommended 30 minutes of paging.
Education of all team members is critical for patient's safety. The transportation team members should be familiar with the location of the resuscitation equipment in the CCL and have the capability of providing immediate resuscitative treatment if required, which includes starting intravenous drips, performing defibrillation, and requesting intubation by respiratory therapy. [22] [23] [24] [25] [26] [27] [28] Direct to the CCL may not be possible for all patients or all hospitals. An alternative for hospitals that do not have the resources for off hours Direct to CCL, or in situations when pre-hospital notification is short, is the establishment of a process for a short "pit stop" or "brief pause" in the ED for STEMI patients who only need to be monitored for a brief period. 26 If possible, patients should be kept on the EMS gurney with continued supervision by EMS and ED nursing. If time permits, admission laboratory testing can be obtained. As soon as the CCL is available, the patient should be directly transported to the CCL. The protocol should be explicit that transportation should occur promptly when the CCL is ready and should not be delayed for routine testing (eg, chest x-ray, ECG when the EMS ECG is diagnostic).
Patients who are seen at a non-percutaneous coronary intervention (PCI) hospital ED initially have the benefit of 12 lead ECGs, physician evaluation, and possibly cardiology consultation before transfer to the PCI hospital. Therefore, taking patients directly to the CCL should be standard practice for inter-facility STEMI transfers. 32 
PreAct Inclusion/Exclusion Criteria
Of the Direct to CCL criteria specified, 4 are considered essential-(1) Paramedic confident in the STEMI diagnosis;
(2) emergency physician and/or cardiologist confident in the STEMI diagnosis; (3) ability to provide informed consent; and (4) no "do not resuscitate" (DNR):
Paramedic confident in STEMI diagnosis-When EMS is uncertain about whether STEMI ECG criteria are met (in the absence of transmission) or whether the patient is having an STEMI based on the clinical presentation, initial evaluation in the ED is indicated.
Emergency physician and/or cardiologist confident in STEMI diagnosis-Based on the prehospital report and prehospital ECG, if the emergency physician and/or cardiologist is in doubt of the diagnosis or otherwise believes the patient needs initial ED evaluation, the patient should be evaluated in the ED initially.
Ability to provide consent-The patient's mental status should be considered for ability to give informed consent. If there is doubt, direct CCL transfer is not appropriate.
No do not resuscitate-Patients who have a known do not resuscitate still should be transported to an STEMI receiving center for further evaluation. Patient preference, shared-decision making, and informed consent are important and legally mandated components of the STEMI process, 33, 34 in whom after an informed discussion emergent coronary angiography may still be performed.
ST Elevation ≥2 mm in ≥2 Contiguous Leads
Using ≥2 mm as a direct criterion decreases diagnostic uncertainty and improves specificity. 35 This criterion is more stringent than typical criteria for STEMI diagnosis to account for technical and interpretation challenges inherent to the prehospital environment that can lead to a higher rate of over activations. 35 Larger extent of ST elevation also identifies patients who have greater areas at risk 36 and therefore more likely to benefit from accelerated reperfusion.
Aged 30 to 90 Years
Younger patients (aged <30 years) are less likely to have myocardial infarction and significantly more likely to have ECG abnormalities that mimic STEMI. Extremely elderly patients (aged >90 years) are more likely to have significant medical comorbidities or goals of care that may preclude cardiac catheterization, such that discussions of goals of care with the patient and/or their family before angiography is appropriate.
Pain <24 Hours
Symptom duration is an important predictor of clinical outcomes in patients presenting with STEMI. 9 Symptoms lasting >24 hours may suggest that transmural damage had occurred-a relative contraindication to emergency catheterization. 9 However, prolonged symptoms should not be considered an absolute contraindication to coronary angiography, as symptom duration may be an inaccurate measure of infarct onset, such as in patients with stuttering ischemia or limited recall.
QRS <0.12 (Unless Right Bundle Branch Block is Present)
Prolonged QRS duration is usually secondary to left bundle branch block or paced rhythm, both of which frequently obscure evidence of ischemia. 37, 38 The presence of a right bundle branch block is an exception to this criterion.
No Paced Rhythm
Many patients with paced rhythms have a left bundle branch block pattern, which may obscure ECG evidence of ischemia. 38 
Systolic Blood Pressure >80 mm Hg
Patients with severe hypotension (eg, systolic blood pressure <70-80 mm Hg despite vasopressors) usually require stabilization before emergency coronary angiography. However, extensive delays when hypotension is due to cardiogenic shock should be avoided, as definitive treatment with PCI and/or percutaneous left ventricular support is likely to be beneficial. 39 
No Significant Arrhythmias
Patients who have significant arrhythmias that require stabilization should undergo ED evaluation before being transported to the CCL. However, in situations when the arrhythmia is ischemia related, such as recurrent ventricular tachycardia or fibrillation, or heart block, proceeding rapidly to the CCL for PCI may be the most appropriate course.
Heart Rate >130 bpm
Excessive tachycardia can indicate impending shock, hypoxia, pulmonary edema, tachyarrhythmia, or other serious conditions that would increase the risk of Direct to CCL routing, as well as obscure the interpretation of the 12-lead ECG and warrants further evaluation and stabilization in the ED before coronary angiography.
Significant Hypoxia Despite Supplemental Oxygen
Significant hypoxia despite supplemental oxygen (eg, 100% non-rebreather) may be secondary to severe pulmonary edema or non-cardiac etiologies. Stabilization, including possible intubation before emergent angiography may be required. This is best addressed in the ED rather than in the CCL.
Additional Considerations
The Mission: Lifeline program advocates for a consistent and standardized process for paramedics to discuss the patient with emergency physicians and/or cardiologists to determine if they meet the Direct to CCL criteria. Ideally, this should be a recorded or documented conversation for medicolegal purposes. In addition, having the Direct to CCL criteria formatted as a checklist is recommended. Patients who meet all criteria can be designated as eligible for the Direct to the CCL pathway by protocol. Monitoring with prompt feedback should be performed by the hospital STEMI quality assurance/quality improvement program to facilitate refinement of the Direct to CCL pathway based on outcomes. Open lines of communication and respectful dialogue among team members are paramount for a successful Direct to CCL program.
The PreAct STEMI algorithm provides a template that can be modified by EMS medical directors, emergency physicians, and cardiologists at a systems level based on local experience, circumstances, and resources (ie, ECG transmission, destination protocols). Similarly, systems without reliable capabilities for ED bypass may use other components of the PreAct STEMI algorithm. Mission: Lifeline encourages systems that modify criteria to measure algorithm compliance, algorithm performance, and report the results so that the Direct to CCL criteria can be refined.
Written protocols should be in place for when a patient presents for care at the hospital but not necessarily in the ED. 31 If patients are determined to be inappropriate for emergency angiography, the patient can be routed back to the ED, as movement of patients between 2 areas of a hospital or facility that share the same Medicare provider number is acceptable under the Emergency Medical Treatment and Active Labor Act regulations and is not considered a transfer. 31 It is critical to have written policies that guide processes for the Emergency Medical Treatment and Active Labor Act screening exams in the CCL and how patients are handled if they are not found to be appropriate for emergency angiography and PCI.
Quality Metrics
Definitions for false positive (overactivation) and false negative (under-activation) activations from EMS have varied. [11] [12] [13] [14] [15] [16] [17] Without standardized definitions that are widely used, comparison between agencies and systems is difficult. Because the terminology of "false positive" and "false negative" are often perceived pejoratively, particularly by EMS, the terms "overcall," "undercall," and "correct call" are recommended.
For EMS, an overcall is defined when EMS declares a "STEMI Alert" (eg, EMS notifies the hospital of their field impression of STEMI) but the patient does not undergo emergency angiography and is not diagnosed with myocardial infarction. Emergency angiography was specifically selected as the discriminating factor. If the interventional cardiologist thought emergency angiography was indicated, it should be sufficient to support the decision leading to an EMS STEMI Alert. Exclusions can be made for cases where symptoms and/or ECG changes resolved after the STEMI Alert was declared.
An EMS undercall is defined as cases where the patient diagnosed with STEMI who arrived by ambulance and underwent emergency angiography who met PreAct criteria, but EMS did not declare a STEMI Alert before arrival at the ED.
An EMS correct call is defined as cases where there is an STEMI Alert with subsequent emergency angiography or emergency thrombolytic administration (true positive); or, where there is not an STEMI Alert and neither emergency angiography nor emergency thrombolytic administration is performed (true negative).
Similar definitions for over-, under-and correct calls should be applied to the ED CCL activations.
Feedback on all STEMI activations should be provided in a timely manner, typically within 24 to 48 hours after CCL activation. Summary statistics on over-, under-, and correct calls should be provided to each EMS agency on a regular basis (eg, monthly, quarterly). More granular determination of reasons for overactivation can be useful to identify common reasons with the potential for protocol modification.
Discussion
Current guidelines recommend an FMC2D time of ≤90 minutes. 26 Use of prehospital ECGs decreases time-to-revascularization, with or without transmission to the STEMI receiving center. 40, 41 These time savings translate into improved patient outcomes. 6, 7, 42 The premise of the PreAct STEMI program is that a consistently applied process including routine, timely prehospital ECGs with prehospital notification will improve the accuracy and decision-making of activation of the CCL for STEMI patients, leading to expedited patient evaluation and routing upon hospital arrival, including taking patients direct to the CCL. Application of a consistent process should increase the appropriateness of patients undergoing cardiac catheterization, reducing delays, and improving outcomes.
Prehospital Barriers to EMS Prehospital Acquisition, Interpretation, and Transmission
Prehospital identification of STEMI has been successfully implemented in many regions by training EMS personnel to make STEMI-focused interpretations of 12-lead ECGs. However, universal adoption of prehospital ECG acquisition with CCL activation remains limited. Barriers include funding for ECG transmission equipment and interpretation training, and issues with hospital acceptance of a broader EMS role in STEMI care.
One barrier to widespread use of prehospital ECGs is funding to train and equip EMS personnel to acquire, interpret, and transmit the prehospital ECG. At present, there are no standards defining the education required to achieve and maintain competence in STEMI-focused prehospital 12lead ECG interpretation.
The AHA recommends 3 modes of prehospital ECG interpretation: paramedic interpretation, computerized algorithm diagnosis, and ECG transmission for remote interpretation. 35 Paramedics can be trained to acquire and interpret prehospital ECGs accurately in the absence of confounding ECG factors, with high sensitivity and specificity. 6, 35, [42] [43] [44] [45] [46] An alternative to reliance on paramedic ECG interpretation is to use the computerized interpretation technology. This process is rapid, easy, requires minimal training, is readily available and accessible regardless of geographic location, and is not dependent on a wireless network. 35 However, compared with physician interpretation, computer-based ECG interpretation results in more false-positive and false-negative ECGs. 35 The results of EMS programs for STEMI recognition have been mixed. In some communities, EMS can recognize STEMI with good sensitivity and specificity. 6, [47] [48] [49] In others, there have been high percentages of EMS-initiated CCL activations for patients who did not ultimately have STEMI. [11] [12] [13] [14] [15] [16] [17] The expense and inconvenience of these cases, particularly in offhours, can be considerable, and has contributed to under-use and decreased adoption of prehospital CCL activation.
The third method for pre-hospital STEMI identification is ECG transmission. [47] [48] [49] Novel wireless technologies have simplified the ability to transmit ECGs from the field to receiving hospitals 49 or even to physician mobile devices, 47, 49 for physician interpretation (ie, emergency physician, cardiologist, or both). The availability of rapid ECG interpretation can be invaluable in situations in which some but not all of the ECG criteria for STEMI are met, avoiding significant delays in diagnosis and triage. Conversely, over-activation for patients who have ECG STEMI mimics (left ventricular hypertrophy, early repolarization) may be decreased. However, a significant number of barriers limit Routine use of 12-lead ECG transmission. 50 ECG transmission programs require training and education, reliable acquisition and receiving equipment, adequate wireless network coverage for consistent successful transmission, and 24/7 physician availability, all of which may vary greatly between communities. 49 Although 90% of EMS systems in large metropolitan areas have PH-ECG capability, transmission decreases to only 43% in rural areas. 50 Even when available, additional barriers to transmission include variations and incompatibility in transmitting and receiving equipment among hospitals and EMS agencies, even within the same system.
An additional barrier to pre-hospital STEMI recognition is that frequently rural EMS units operate with basic life support personnel, and often does not include PH-ECG protocols. A potential solution is to train basic life support personnel to perform the ECG, in those not previously trained to do so, and relay or transmit the machine interpretation, and determine if there is significant artifacts that might limit the interpretation validity.
STEMI systems should determine which PH-ECG interpretation process is most appropriate for their system. All systems should work to ensure a mechanism for verbal communication between the paramedic and emergency physician when discussion is needed for the Direct to CCL criteria, especially with equivocal cases. Consistent implementation of the PreAct algorithm can standardize prehospital communication of the critical information that could increase the success of pre-hospital activation and early ED assessment, leading to direct CCL transportation for the appropriate patient.
PreAct Validation
Lange et al retrospectively applied the PreAct algorithm to 957 PH-ECG CCL activations at a single Los Angeles County STEMI receiving center. 11 Of the 957 patients, 746 (78%) would not have been activated based on the PreAct algorithm. Patients who would have been activated appropriately had significantly higher median peak troponin I values, were more likely to receive emergency cardiac catheterization and undergo PCI and were less likely to have CCL cancellation than patients who did not meet the algorithm criteria. 12 Subsequently, the PreAct STEMI algorithm was integrated into the CCL team activation algorithm at the same STEMI Receiving Center (SRC), resulting in a significant reduction in the CCL cancellation rate, from 57% to 16%. 51 Importantly, nearly half of the CCL cancellations were related to protocol deviation in which the PreAct STEMI algorithm inclusion criteria were not met. Door-to-balloon times for patients who did not meet the PreAct STEMI criteria but were found to have STEMI after evaluation in the ED were only an average of 15 minutes longer than PreAct STEMI patients (58-73 minutes). These early data indicate that consistent use of the PreAct algorithm is promising. 51 
Future Goals
Currently, no national database tracks the rates of CCL STEMI cancellations. Contemporary estimates are primarily limited to single centers or systems, with marked variability in CCL cancellation rates. [11] [12] [13] [14] [15] [16] [17] In addition, definitions of appropriate CCL activation and cancellation vary greatly. One goal of the PreAct STEMI algorithm is to standardize reporting and definitions, resulting in more accurate national data.
There are similar challenges and rationale for guiding prehospital activations for other time sensitive conditions, such as stroke, cardiac arrest, massive pulmonary embolism, and aortic dissection. Implementing systems of care can be beneficial, as has been seen for cardiac arrest, 52 and more recently aortic dissection. 53 The PreAct STEMI algorithm and definitions may provide a useful model for application to these high-risk time-sensitive conditions to guide hospital destination decisions, field activation of hospital resources, routing on hospital arrival, and standardized definitions for false positives and false negatives.
Conclusions
Total ischemia time interval is the principal determinant of outcome in STEMI, with FMC2D time a major component of that interval. Two of the most successful strategies to reduce that component have been (1) PH-ECG acquisition to allow field activation of the CCL before hospital arrival and (2) transport of patients directly to the CCL upon hospital arrival for selected cases. Reluctance to broader use of both strategies has been based on over activations from the field. The PreAct STEMI algorithm provides a framework of process flow and eligibility criteria to inform both the field activation and Direct to CCL decisions. It can be readily modified based on locality specific criteria to address specific circumstances and preference of the local EMS, emergency medicine, and cardiology communities. More consistent prehospital CCL activation for STEMI patients by use of standardized criteria such as those outlined have the potential to significantly reduce ischemia times, improve outcomes and decrease mortality for the acute STEMI patient.
